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^, ^^lS^M ^Sjfe AlJll- ^4l*Kr ^7B^ oj-Bflq.^ ^u]^ 4^ 

ysq- ^-71 V3- ^#*HH ^ V&?1^ 5.*>^Jt?l ESNR V ^ # 

7} ESNR 7l^s ^^Jif $|e1^*8*H #^*>fe $13^^, ±%s£\ 

fe- V #7} ^]^^ ^ ^-71 v ^1 ^ 

^l^^ZL, #7] ^7] ^E^-fS) ti>^A]^ A o V 7 ) t}^ ^Bl]^^ 3] 

^ ^ V&#3 £*}^iL<?l ESNR ^-S-* 3#*H A oM ^jel^^M *]]^Hr ESNR 3 
l^fl- iWfe *V4. ^ofl *Mi.£ *fl>l ^iL7} <&o)5i ^ 

» tfal W ^ *fl\l ^ 5ftfc S^7> 
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4lr 4-§-4l- 4tr 4lr <*H4# °1 -g-tr ^^^1 {Transmitter and receiver 
using multiple antenna system for multiuser} 

£ l^r £ l^oll 4€- 4f^ 4-§-4» 4tr 4^ °J314» 4-§-tr #44 
4t4tr -& 4 ^1 4 tWEol^, 

£ 2fe £ ^ofl 4€- 4# 4?r 4^ °J3)4» °]-§-tr ^H^HH # 

4r4^ ^1Jl» ^ %Vjl£o]4, 

£ 3a^ £ 1^1 4-S- 4^ 4441: 4^ 4^ #314* °]-§-3r ^^-i: 4 
44^ ^£o]cj, 

£. 3bfe £ 4^- 4^ 4-§-4» 4?r 4^ #314* 4-8-tr 4 

44^r ^4£°14. 

<s> £ 4^4441- 4tr 4^ #31 4* °i-g-$ #4 ^ ^ 4 

$ ?H4. 

<6> cf^ #314* ol-S-^- W <H^ 7]^4 3^ #314* 7>-g-^^^ nfl *fl^ A}-g- 

4 ^7> $14. ^>14tr ^l^lfe- 4^41 4##314# 4-§-44 #41 4 
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o)bH3 (diversity)* °]-g-$ U-'tHM- cJ-f^M*- 4°1«H 

ell- ^ °1 $H 3^41 3-^ A^t °23M-i ^ ^4! 

cfo]tH^E]l- <£7i4 «] ^^(beamforming)^- **H ^41 #* 3 ^1 

# ^ZL ^E^^(waterfiliing)^: f-*H 333Wr y o^£ ^ #£(5& 

^ -g-^ (capacity))* ^ 31^ «cHH4. €^(FDD)^r *}-g-^ *1 

^$-7} ^ofl, ^ ^ill- #*]^cMH 54 

£ ^^U-^ ^.vfl ^O]: ^ ^^.7]- o_H fl ufo| 

^7] 5= f^^H *im oj-g-o] A^lo] ^4. o]^ «j)4e>7l 

^ "f^ €1-2} ^ A]^B«oflAi^ ^ ^(cell) ^Htt tiflo]^ E flol^4 4 

°1 ^^.i- «to> o]^ afl<2j #E«3] A>^H7fl ^ ZL 2^5^ o] 

-g-*H £3 ^°J: ^Is-t zl 4# ^ 0 J: 341 4*1 «1H^ 

Efloi^o] a} 33 Aj-g-^i- ^oj 014, 0 ]e^ "<H^r 4f- *1~8-*V* °1 

■frfc ^ *V4. °1 ^7]7> 4^ °J^41- ^-g-^fe 
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<8> ^r^Hr £^ U-^(FDD)^ *11-g-# Aj^^ofl floHSr *fl^ ^^.1- ^ 

<9> ^o] oI^-jl^} ^ 7]#^ sMlfe ^ *fl^l ^ ^Ji £M -H BL^M tf 

<io> #7l *M*)-7l ^ £ ^ofl 4^ ^ 4-8-*}!- W 4^ °Jr3Mt- 

^ISl" ^]*Rr ^7fl^ ^>Eim# ^Wl*V C}-f> o>tflM-^., 

^^12, *3!<y v ^ «9t v4 ^>7i v4 ^4}#*HH 

VfeV^l jL^iL^ ESNR a-l: V ^ ^7] ESNR #7l 

^ *3 3«H ^ V 7] ^ V *fl^*Rr V , ^7] ^E^Jf 

ESNR 3#*H ^7l ^E-j^Jfoj] afl^Hr ESNR ^#4* if^Rr 33-8: ^K 1 °- 
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aao esnr a* W> ^ ^ 

« w ^ *«« ^» 4* ** « ""W. « 

l"^ * * 7 i ^«*M ESNR a* +*<H 4M 

ol*« *<Mrtl* (a) ***** W ' HJ 

, 4 v* «fl W «« ^ « v » ^ ^ B °* 
**** **■ (b) OJ w **** ***** ° J 

*w °\** ^ « ***** "** 

m$ « <m esnr a* *m*> i*v a°i -4 

* ^**,* a***. ***** ^ t1HEl# * 7 ' 

a ***>fe **** ° a 
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m W 7,W« «1H«M ***** 

«*. (b) W «^*» W ******* **** 

«*. (O W ^ ^ ****** A> * 

^ „ w 4«4 a* ***** BJ ^ * 

*a* ^» **** * 71 

***** *KH** a*** «W«* *** aW **** * 

* **** a*« 4*, «1« <M **** 

3 ^ <ao S 44* ***** **** * 71 AV *^ 

» 3 #sM °1* 4-1 4'l^H*^ *d«4. ae,* *M^H^ fl «M 
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*m ^ $L*m °i-8-*h °]±=- % # 

#^4 7R> 4-§-*HMl AiJii- £*^th 

<17> oj 7 H sfl^Hfl- oj-zfloj) q-^.^ H °flH^i(matrix)# , n^Rr ^ 

^1 Barroso. V.; Xavier. J.7> £ "Blind indent i f icat ion of MIM0 channels: a 

closed form solution based on second order statistics" Signals. System, and 
Computers. 1999. Conference Record of the Thirty-Third Asilomar Conference on. 
Volume'- 1. 1999. Page9s) 70- 74 vol. 1# -& =r 

<is> o]§Hl^fe %^*H £ «>^1> ^Ht-(t-^r) ^Ml^l H^W. 

<i9> 51 l£r t<M 4^ ^r-g-^f* 3tr 4^ <£NM» °]-g-tr 4^4! #*]^ 

<20> £ ^o]] ^#*1(110)(°]^^<M afloj^Efloj^ol ^ - oicf)^ ^ 

31^(111), V^^(112), V^^^-(113), 4# ^M-fClU), ESNR 3t°f 

(115)1- £^r4. =L^JL 4^ ^^K^OX^^^^^^^l^i Ar-g-*}^ 

#^1^^7l7> € *r 5M)^ t=B^M^(121), t///( ?l^} J f(122) 1 ^ 

^^^(123), ESNR ^#^(124)1- ^g^tf. 

<2i> 33^^.(111)^ ^^(113)3.^3 ojo^o] ^^ofl tfltb ^ ^ V ^ 

ESNR 3 #^(115)5.^ ^^-^1(120)^^ ^#fV ESNR 3M: ^l^Jl, <>1* 71^5. ^ 
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<22> V4N^(113)fe- V<a^(112)°lH ^^^1 cfltl- «J ^ «81 VI- n J 

— ^ 7]^-g- ^r^W. 

<23> V<£^(112)^r ^€^(111)3.^3 33^3 °J^*!JLt- ^l^^aL, 

^£ « VI- ^r<H *W 0 .HW(H4)1^ Jl-R- ^ 

<24> ^A]^ 4^ o>Efll4-f-(H4)^ $ V<£^(112)5.-*fEl ^R^} *r4l 

(120)3. *l^Hr 7]^ ^^1^1 (120)^.5.-^- #4^^ 

o} ESNR ^#4(15)^1 ^l^Hr ^^tb4. 
<25> ESNR ^#^(115)^ ^ 4^ ^M-f (114)7} ^ ^a]^] (120)5.4 

3 ^fl^-H, o]^«-e^ ESNR 3#§H 3 ^EW^fdllH afl^*} 

<26> 4- °HlM-4(i2l)fe H* f-*H ^!#*Kiio)-°5. ^Isl- 

*r4l*££ ^^141^1- ^^(122)^ afl^Hr 7l^# *H8sH, ESNR ^#4(124) 
ESNR ^Jl» ^R^} ^ #4l#*l(110)3. #4^Hr 7l^ *H^t}. 

<27> r 

^ U ^^4(123)tt <?H]i~HfQ2lHH ^]?V ^AjAi^ofl 

(#^fl singular value decomposition, SVD)1- -f-SH ^fl 1 ^ JL-fr *J 

1°J 7H, #^Hr 71^-1: ^*S*Vr}. 
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t/^x>«-(122)^ 3 ^JSLf- 7>*ln u "% 3) ^^3L°\] 

<29> ESNR ^#4(124)^r ^*J#*|*IH ^o] Al^f *HO#*1(120H 

^ ^1" £4^4^ ^^1(110)^^ ojo^ ^ Aljr<2}. 

3144(121)1- *4}#*1<110)3. ^ 3** #4. 

oo> £ i£ ^44 aflol^Eilol^c^Ai^Kiio))^ s)-44 4-§-44 ^^H^l^ 
*l(120)-» SAl^ n^olji o]^ 4^ A}~g-44 #^g-*l3. ^ 

<si> £ 2^ -gr ^ofl 4^ 4^ 4^4^ *H14# o]-g-^ ^H V *HH # 

«£*Hr ^IJ:* -£^}7l %i-jijeo|4. a, £ ^ofl 4^ ^^1(110)^ ^(4 
# T = 0H1^ S^o]^ (Training) ^1^(201)1- <M4# Tl4# 44 ^#^51, ZL ^ 
ofl^ 444 cf^7ll- 3#SHr AjS(44 Aj-g-*} 3 #4151) (202)1- T2 a|#44 

^4^, 4 434 A]~g-4 ^^-71^ *l^rJL*|- 4^ ^-£(203)^ T3 4?i 44 4 

<32> 444 44 A|~g-4 ^#4^4 S4°N AijT7 r ^4^H14 ^4^0.5. ^44^, 
^Al^oflA^ oj E 5 flo]^ Ajsl- 4 -§-44 444 effective SNR(ESNR)-§- ^4 
feedback^ °1 °l feedback^ ^ 45171- 44 A}-g-4 ^1145:44. 
<33> 44^14^ ^£1^1 2% £ 1^4 ^44^7 47}*] 4^§# ^tl" 

4. 
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*l(110)fe 0 - THa *« *-a^UU0)^ «1**K120)«M *i* ** *fe 

* 4ia(E 2S l 20i)» a**MI *H. «I**Ki20)°Mfe 

<3 6 > ^J^Kiio)^ ^WiiDfe ti - T2*m *W **** 

* * M V***<113)«M 4** «** ^ V «** 
+(112>*M a* ** ° H VS1 *^(Unitary) 

, , H=UAV H 

< 37 > ^7H Ife SYD« *** 4*4 W « * H * D ' m ^" 

(-atrix)oH. Ufe *4* *«M Unitary maUiX ° H 

, Afe SMS singular value S3 <>1+<H*> diagonal ma trix3 * 

j lt ^ W gain * WW, *«* ^ **** 

si hermitian transposed unitary matrix^^r. 
< 38 > * « H4 ^ =W ^» °^ ^^HUO)^ 

W ♦<1**|C110)* a«(H4, 121) * ** *4 S* 
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< 39> 4,4 *4**|<120)*l * U"^W123)W Tl - 12*1*1 * 

« o - Ti,m *«M *** ** W** 1 * s ™* o1 * sH 4 * ^ ^ ^ 
H l =U i A l V^ 

2] 

^ "1 ^ Aj£fe ^ 34 # * 

<43> .,7H N-fr ^aoia Xfe *<HWiiD)«W *4«H*fe A * 

*Uiio)°.W 4±* WW* ^ w * 

^l(iio)^ « **(•»* Vl v« i* #fe S S 

«.l o W 7 M * €4. 4*^ 4* o,*«M ^ a* 
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<46> c*)7H ESNR-tr ^U^S. *fl^ effectiv SNR# sH^-jI, Vjjfe V 

matrix^ i ^ row, j #*fl colume^ 34«H, V^fe V matrix^ i row, i 

colume^ ^Ht!-4. 
<4?> ojei*V ESNR ^#*Hll0)(^Hi:iE-flolAi)7 r Sf-3°1 9X^ it(cell) Ml 

^fe 5L€- ^^l(120)(A>-g-4 #^71)7} ?ll-*Hr ^#*1(110H ^-i: 4 

<48> ^#*iai0)(^W^3H-£)^ ^A]^)(120)(A>-§-^> #^7lH 

(120)(4-§-4 ^7}m *]«]4<*l T2 - T3^<# ?}d~^3L 203 ^Jlt JLvfl fc}. 
<49> £ 3a^ £ ^<H| 4^- 4^ 4~§-4# fl.tf 4^ #314* ^1^-1: 4 

44fe ^i^M, £ 3b ^ Mj^ofl 4€- 4^ 4-§-4» 4^ <*H]4-» o].§-^ 
^^■i: 44Mm £4£°14. £ 3a ^ -E 3b# #3:^H £ t^l 4^ ^^1^ 

'S-i- *m*UH 444 ^4<3 4^-4 £4. • 

<50> © A]#oj (PjL^ ^O) A ]^-o] Tj ^ ^ojofl ^A]^]( 110 )^ oj 

4^ °J:^14^ ^ *§^1^ 3 4^3 ^}#4(120)1:<W #^4 

(311). ZLE]lI °1 A]^o> ^A]^1( 12 0)1-^ ^llt 7l^S. *fl^ ^ 

(321)^4. 

<5i> (2) ^ Al^>o] t 2 44 ^^Hl ^^1(110)^ sfl^ 7H 
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„ a ^KMIM * o - vl* «M **« « 7,£SH Ul "* 

* t, a4 * ESNR-S- 3**H *4**K1K»* * ESNR-ir 

(323) . 

HH^I* £3^*1 

< 53 > «i, * ***** *** * 

W «* * o1 * 8H * 71 asa ** ***** * 

^ „o W «» »«. ** »* ***** aW> 

< 55 > ^ * M« *M - ««*« * * 

*«* ^ * *** * ^* 
* **4 *^ **« *W ******* 
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^ m w „« flt ^ * w ***** * * 

* esnr <m ^* w * 1** - 

sw* « »* ** *** ^* * ^ 

* ^ « nw» *h*m wm. ^k^i^h*)4 ^*i<W « 

tt7 ^ <HI HI* «** ^* A> ** ** 7HE 4? ^ 

^ # AV .g.sH 3. ¥S <HH 7 H^ V a ^ 71 " ^ 
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1] 

1- ^#*Hr <lH14# ^wi*> 4^ ^144; 

^1J:<y <^#Jl, -§-41*11 ^ «J ^ e^oj v ^ #7l «gt v4 

#7l V4 ^##*HH y##9\ ESNR 0 J^^, #71 V ^ #71 

ESNR 3M- 7l^S #71 <y^JL» ^)E^^^H ^E-H^; 

-f^ti^l cfl?}; ai ^ ^oj V 5] ^ -£^H #71 ^i^^f ^ V 

c^AVti-ofl v ; 

#71 $13^ 3 iM] i^ii ^ #71 v ^#^>H ^1 V^l *U^> 

ii, #71 #71 ^i^-M ^^1^ #71 4^ ^14^1 *H^*Rr 

v <3#4; ^ 

#7l 4^ ^M^H *r%% ^JlS-^E) #71 V &4 ^T##*HH ^"tb V^?i 

fi] ^.^^.^1 ESNR ^£L» 3#«H #7l ^E^^^-oll ^SRr ESNR 

3# ^ A>-g-7,l-l- £R> 4^ 0]- Efl l4 # Ol-g.^- ^Al^]. 

2] 

^41 #*1 3.^-3 i^fi) -tilt ^"J-jl, 3^#*HH ^\%^ «J ^ 

# *S1°J Vfi] &4 ^]«K8r All^Ei 7fl#£ ^-#^^21 til tg^ ##0] ^ 

*HiL°} ESNR &^§- *H^-ti>o} ^v 7 ] ^a]^1s #^Hr 4^7H5l T^ltb 4^ 

^14^; 
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#7\ m ^ £ ^"^^sL^ -8-71 ^ ^ *H^>J1, OH- # 7 ] ^Al^l 

Si aVqjA]^ ^9j-iPf ; £ 

A oM ^"^^ -S-71 ESNR ^#*H s$7] 4^ 

afl**Hr ESNR ^«l*Hf m^SLS. 4^4441- r}^ oj-^q. 
3] 

(a) 71^a]319J °g^^lsl- °j^^-JL, 4x^5] -f-^fl 1 ^ «J ^ V 

(b) #7] °J^^1J17|- f-^l^H^^- 7>3}*H #7) *S1 V# 4*1 

tij <g^^ 3.*}$}LQ ESNR SSt-i- €^^4 #7) &°1 

7) ^^lS #^Kr #7flt- 3E^$*r ^ ^ 
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u, ******* *n * 7 > **** 7l **** ^ 

a,*^ 7HM « ***** 

(c) *7l 4i» « *4 

^ *A ******* *** ***** **** * J ** **** 

°1 ESNR St* ^J^IS- ^d**Vfe 

**M *«1WM1 Wis ti^t «<>1** *** *«* >fe 

I^T 1 * 51 

7l ^v ^jffEis. a* ^ safe 7i^w. 
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IS. 3] 



( A| ^ ) 



tfH L>9l SIS ^SE! 9§ V* 7|2LS ere 

vms\ &s ««A|F1 91 em cm M^2] 



aJ« §e>, *c 



fl -ai s*ISi ¥^ ESNR SS» 

9i esnr a«>i n« e ~c 
cisa ^c 

qjo|Eifi 2§ 



[51 4] 



( A| ^ _) 



on 7iaa *ny°l I 



o| jt(yo| SMI 7|£I V^m 631, 
§aj ¥E1 2£ ftl2.fi U? a 
cisgehH ft 3 



°| fi^te ft!*S ¥^ ESNR tt« 
91 £ft 91 ESNR fts g° 
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